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Effects of vasopressin on the isolated perfused human
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Effects of vasopression on the isolated perfused human collecting
tubule. Cortical collecting tubules (CCT) were dissected from the
surviving normal tissue of human kidneys removed at operation
for either carcinoma or calculus. These CCT's were perfused in
vitro shortly after the nephrectomy was performed. Transtubular
potential differences in different tubules varied from +3.2 to
—2.0 mV and were reduced towards zero by lowering the
temperature or by adding ouabain to the bath. In the absence of
vasopressin, tubules were essentially impermeable to water with
extremely low net water fluxes even in the presence of a
transtubular osmotic gradient. Addition of vasopressin to the
bath caused the transtubular osmotic water permeability coeffi-
cient to increase to values of 125, 175, and 155 x l0 cm/sec in
three tubules thus studied. These results demonstrate close
similarities between the human CCT and the more extensively
studied rabbit CCT.
Effet de Ia vasopressine sur le tube collecteur humain isolé et
perfuse. Des tubes collecteurs corticaux (CCT) ont été dissequés
a partir du tissu normal de rein humain obtenu dans des pièces
opératoires de carcinome ou de lithiase. Ces CCT ont été
perfusés in vitro peu de temps après le prélèvement. La differ-
ence de potentiel trans-tubulaire dans les différents tubules a
vane de +3,2 a —2.0 mV et elle a été ramenée vers zero par
l'abaissement de Ia temperature ou l'addition d'ouabaine au
bain. En l'absence de vasopressine les tubes étaient imperméa-
bles a l'eau avec des flux nets d'eau extrémement faibles méme
en presence d' un gradient osmotique trans-tubulaire. L'addition
de vasopressine au bain entraine une augmentation du coefficient
de perméabilité osmotique a l'eau jusqu'a des valeurs de 125,
175, et 155 x 10 cm/sec dans trois tubules ainsi étudiés. Ces
résultats démontrent de grandes ressemblances entre le CCT
humain et celui, plus étudié, du lapin.
The only published reports of studies on isolated
human nephron segments are those by Abramow
and Dratwa who studied the vasopressin response
of a single fetal collecting tubule III] and by Jacob-
son et al who made electrical measurements on in-
vitro-perfused cortical and outer medullary collect-
ing tubules derived from kidneys harvested for
transplantation (12].
The present study was designed to gather addi-
tional information on the function of the human
collecting tubule, specifically under experimental
conditions that closely simulate those that have
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been used in studies on isolated perfused rabbit
tubules. To this end, fresh human renal tissue,
removed during the operative procedure of total or
partial nephrectomy, was harvested for dissection
and in vitro perfusion of cortical collecting tubules
(CCT).
Methods
Total or partial nephrectomy specimens obtained
at operation were directly transferred in chilled
Ringer's solution to the UCLA Center for the
Health Sciences' surgical pathology laboratory
where the appropriate diagnostic specimens were
obtained. If an adequate piece of adjacent healthy
renal tissue was found, it was removed for study.
Light microscopy of the sections taken for study
revealed normal histology or minimal interstitial
fibrosis only. A 1-to 2-mm slice of cortical tissue
was immersed in chilled Ringer's solution and
transported to the microperfusion laboratory. In
each case, dissection was commenced within 15 to
20 mm of removal of the kidney tissue from the
patient.
Permission to use these surgical pathology speci-
mens for research purposes was granted by the
UCLA Human Subject Protection Committee. In a
2-year period of continuous observation, only seven
specimens were found to be appropriate for the
study of normal nephron segments. Five kidneys
were removed due to the presence of renal cell
carcinoma and two due to calculi in the pyelocaly-
ceal system.
Dissection of CCT's was performed in a Ringer's
bicarbonate medium. A segment was then trans-
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ferred to a bath of normal human serum and per-
fused in vitro in a manner identical to that described
previously for rabbit tubules [31.
In the reports of Abramow and Dratwa [1] and
Jacobson et a! [21, the human collecting tubule was
described as being very similar in appearance to the
rabbit CCT. We confirmed that the appearance of
these tubules under dissecting microscope and the
inverted microscope is almost identical to that of
the rabbit. Human CCT' s show the typical "cobble
stone" appearance of the epithelium with well-
defined cell margins, but, in contrast to the "shag-
gy" appearance of the outer surface of the rabbit
CCT, the isolated human CCT has a smoother
contour.
Tubule segments were studied in a bath contain-
ing pooled human serum and perfused with a solu-
tion containing (in mmoles/liter) sodium chloride,
150; dibasic potassium phosphate, 2.5; calcium
chloride, 1.0; and magnesium sulfate, 1.2. 3H-meth-
oxyinulin (50 Ci/ml) was added as an impermeant
volume marker. This was dialyzed against distilled
water for 24 hours prior to use to remove small
molecular-weight contaminants. The rate of appear-
ance of inulin in the bath was less than 1% of the
perfusion rate in all experiments described. This
indicates that undected leakage of tubular fluid was
not occurring.
Perfusion rate varied between 4 and 10 nl/min.
Experiments were performed at a constant tem-
perature of 370 C. The osmolality of the bath (290 to
300 mOsm/kg H20) was maintained constant by the
addition of distilled water [3]; pH was maintained at
7.4 by bubbling with 95% oxygen and 5% carbon
dioxide.
Transepithelial potential difference (PD) was
monitored throughout each experiment, with the
perfusion pipette as the luminal electrode [3]. Both
ends of the tubule were insulated with Sylgard 184
(Dow Corning Corp, Midland, Michigan).
After perfusion for 90 mm in a bath of normal
human serum of osmolality identical with that of the
perfusate, the bath was changed to one containing
human serum plus 100 mrvi raffinose, thus establish-
ing a transtubular osmotic gradient of 100 mOsm/kg
H20. After perfusion for an additional 30 to 45 mm
in this solution, vasopressin (Pitressin, Parke Davis
Co), 200 pUIml, was added to the bath and the
experiment continued for an additional 60 mm.
During each period, five to six timed collections of
fluid emerging from the tubule were made into a
constriction pipette (± 15 nl). This fluid was ana-
lyzed for tritium and osmolality as described pre-
viously [4].
Calculations. Perfusion rate (V0) is calculated as
3HLI(3H0) t, where 3HL is the total amount of
isotope collected, (3H0) is the concentration of
isotope in the perfusate, and t is the duration of the
collection. Net fluid reabsorption (net water flux),
J, is equal to VO—VL where VL is the collection
rate. J,. is expressed per millimeter length of tubule
(nanoliters per millimeter per minute). Tubule
length and internal diameter were measured during
perfusion with a calibrated reticle in the ocular of
the microscope. Transepithelial osmotic water per-
meability coefficient, Pf (in centimeters per second),
was computed according to the expression derived
by Al-Zahid et al [5]:
V0C0 1C0 —CL 1 (CL — Cb)C0Pf = — AV LCOCbCL + in (C0 —Cb)CL
Where V0 is the perfusion rate; C0, Cb, and CL are
the osmolalities of the perfusate, bath, and collect-
ed fluids, respectively; A is the luminal surface
area; and V is the partial molar volume of water.
Although vasopressin has a rapid onset of action
in the mammalian collecting tubule, there is no
difference between its effect on water permeability
between 10 and 30 mm, whereas it tends to decrease
thereafter if tubules are studied at 37° C [4]. In this
present study, therefore, observations were made
after 30 mm of exposure to vasopressin. All results
are expressed as the mean of five to six collections.
Data are presented for each individual experiment.
In two experiments, only PD was measured. In
the first two experiments listed in Table 1, net water
flux was measured in the absence of vasopressin. In
the subsequent four experiments, vasopressin was
added to the bath. Technical difficulties in one of
these experiments prevented the collection of tubu-
lar fluid (experiment #4, Table 1) so that only the
effect of vasopressin on PD was recorded.
Results
Electrical measurements. The PD was measured
in eight CCT's. The time course of the development
of the PD 1S shown in Fig. 1, which reveals that six
tubules were lumen-positive and two were lumen-
negative. PD varied between + 3.2 and —2.0 mV in
different tubules.
The effects of temperature, vasopressin, and oua
bain are shown in Fig. 2. Lowering temperature to
25° C reduced the potential towards zero. Vasopres-
Human collecting tubule and vasopressin
Table 1. Net water fluxesa
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Reason for Length Perfusion ID. O.D. J.. (control) i, J, (raffinose P (raffinose
nephrectomy mm rate nil
mm
pm m ni/mm/mm (raffinose)
ni/mm/mm
plus
vasopressin)
ni/mm/mm
plus
vasopressin)
x jo- cml
sec
Renal cell CA 1.003 8.30 — — 0.025 —0.093 — —
Calculus 1.040 10.69 15.54 26.64 — 0.133 — —
Renal cell CA 0.594 4.02 31.08 59.94 —0.065 0.032 0.464 125
Renal cell CA 0.732 4.43 35.52 59.94 0.260 0.444 —
Renal cell CA 1.550 5.02 21.6 43.20 0.340 0.290 1.40 175
Renal cell CA 0.709 10.21 31.1 44.42 —0.030 0.003 0.512 155
a Abbreviations used are ID and OD, inner and outer diameter; iv, net water flux; Pf, transepithelial osmotic water permeability
coefficient; CA, carcinoma. Control refers to isosmolor bath and perfusate. Raffinose refers to 100 mi raffinose in bath
sin caused a slight increase in luminal negativity in
the two tubules with negative PD'S and had no effect
on two with positive PD'S.
In two tubules, 10 M ouabain reduced PD to
zero.
Net water fluxes. Table 1 lists the net water flux
of six CCT's studied first in the absence of an
osmotic gradient, then in the presence of a 100
mOsm/kg H20 gradient, and finally in the presence
of a gradient plus vasopressin. As for rabbit CCT,
200 pU/ml appears to be a supramaximal dose of
vasopressin [4], because increasing the concentra-
tion tenfold in two experiments had no additional
effect.
The human CCT is impermeable to water even in
the presence of a significant osmolar gradient (net
water flux not significantly different from zero). In
two of the experiments (experiments #4 and #5,
Table 1), values for J,,, in the presence of raffinose
were higher than they were in the other experi-
ments. The reasons for this are not obvious. In each
case, vasopressin significantly increased net water
flux. Transepithelial osmotic water permeability
coefficient, Pf, in the presence of vasopressin was
125, 175, and 155 x 10 cm/sec in the three CCT's
in which it was measured.
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Fig. 1. Time course of spontaneous transtubular potential dffer-
ence (PD) of human cortical collecting tubules. (*Tubules ob-
tained from the same tissue specimen.)
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Time, mlvi
Fig. 2. Effects of temperature (upper panel), vasopressin (middle
panel), and ouabain (lower panel) on spontaneous transtubular
potential difference (PD) of human cortical collecting tubules.
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Discussion
The data presented describe physiologic param-
eters of the normal human nephron perfused in vitro
shortly after its removal from the body. The avail-
ability of normal human renal tissue for study is
obviously extremely limited, and in many cases in
which the tissue appeared to be macroscopically
normal, intense fibrosis secondary to an adjacent
pathologic process made dissection of viable neph-
ron segments impossible. We nevertheless were
able to dissect and perfuse eight cortical collecting
tubules obtained from seven operative specimens in
which normal parenchyma was removed together
with the pathologic lesion (tumor or calculus).
The electrophysiologic measurements on the hu-
man CCT studied here differ slightly from those
described by Jacobson et al [21. These workers
found that all the CCT's studied by them had
lumen-positive PD'S (6.8 0.6 mY), which suggest-
ed to them that either there is no electrogenic
sodium transport in the human CCT or that the
absence of mineralocorticoid in the preparation is
responsible for failure to express the capacity for
such electrogenic transport. The majority of CCT's
studied by us also demonstrate a small lumen-
positive PD, but two CCT's showed luminal negativ-
ity. Although this luminal negativity in no way
confirms the existence of electrogenic sodium
transport, it is also evident that such a process
cannot be excluded as an important transport proc-
ess in the human CCT. It is also clear that the same
variability in PD that has been observed in the rabbit
CCT occurs in the human CCT studied under
similar conditions and may be related to endog-
enous mineralocorticoid concentrations [61. We did
not determine the mineralocorticoid status of the
patients from whom the tissue was obtained and
thus cannot relate the orientation of the PD to
endogenous levels in the patient.
That the origin of the transtubular PD is probably
due to an active transport process is evidenced by
the response to ouabain and to reduction in tem-
perature, both of which reduced the magnitude of
the PD. The small increase in luminal negativity that
occurred following the addition of vasopressin to
the peritubular surface has been observed in the
rabbit CCT [7] and is associated with transient
stimulation of sodium transport. The subsequent
fall-off of PD towards zero that has been observed in
rabbit CCT's perfused in artificial solutions does
not occur when the tubules are studied in serum [4]
and likewise did not occur in the present studies.
It is reassuring to find that assumptions that have
been made concerning the water permeability char-
acteristics of the human CCT and on which the
understanding of the physiology of urine concentra-
tion and dilution in man has been based are support-
ed by the present studies. Even in the presence of a
significant transtubular osmotic gradient, the corti-
cal collecting tubule is impermeable to water with
net water flux being close to zero. The response to
vasopressin is rapid and the water permeability
coefficients, Pf, of 125 to 175 x 10 cm/sec are of
the same order of magnitude (approximately 200 x
l0 cm/sec) as have been observed in the rabbit
CCT [4, 5, 8—10].
These studies demonstrate that important data on
single nephron function in the human can be de-
rived from studies of surgically removed renal tis-
sue.
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